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SUMMARY

Results are presented of tests of two sets of 20
curved-sheet specimens to determine the effect of normal
pressure on the critical compressive snd shear stress of
curved sheet. It was found that normel pressure raised
the critical compressive and shear stress of curved sheet
extent when outward bulging occurred In compression, in
which case the critical stress was lowered by normal
pressure.

INTRODUCTION

In a pure shell-type wing structure, failure is
generally associated with buckling of the upper surface
due to combinations of compressive snd shear loads. The
net outward-acting pressure on the upper surface tends to
delq buckling and to increase the critical buckling stress.

Preliminary tests have been made of curved-sheet
specimens (references 1 and 2) to determine the effect of
normal prassura on the critical compressive md shear
stress of curved sheet. In these tests, increases in
critical stress with increases in normal pressure were
so decided that a more complete investigation seemed
necessary. As a result, tests have been made of 40 curved-
sheet specimens in which combinations of five different
radii of curvature end four different rib spacings were
used. One set of 20 specimens was tested to determine
the effect of normal pressure on the critical compressive
stress, and a stmilar set of 20 specimens was tested to
determine the effect of normal pressure on the critical
shear stress. It Is the purpose of this report to present
the results of these tests.
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TEST SPECIMEl!&

The test specimens were constructed as shown in
figure 1. Nominal dimensions for all test specimens are
given in table I. The sheets and the spar channels that
form the sides of the closed box were made of 2&S-T
aluminum alloy. The ribs were made of steel with the
flanges welded to the webs. As showm in figure 1, the
end bays were made shortsr than the three center bays,
hereafter referred to as the test section, In order to
confine buckling to the test section.

The specimens were so sealed that the air pressure
was confined to the test sections. Alr fittir.gs wara
providad in tha channels at diagonally opposite cornars
of tha test saction; and holes drilled through the two
center ribs ensured equal prassura in the three bays.
ThtiPrassure was measured by maans of a mercury mnom~tar.
Resistance-type wire strain-ga:a rosettes were ettachad
in ths centar bay of tha specimen to gach side of one
sheet as shown in figure 1. These ga~as wsrs used to
chack for uniform loading and to datect the form~tion of
lmckles, which did not appsar with a snap diaphragm action= .

?~ETHOD CF TESTI?:G

Compression Tests

A speciman placed in the tasting
in figure 2. The testing machine had-1

r,achina is shown
an accuracy of

++ percant of load.
-2

The ends of the spacimen wara

ground flat and psrellel to ansura uniform distribution
of load during the tests.

A small initial axial load was e~plied and readings
of all the gages wara takan. The axial load wes than
increased in staos until buckling occurred. Aftar aach
lo~d incramant had bean applied, readings of all the
ga~.eswere takan. So long as no buckling occurred,the
longitudinal ~agas indicated increasing compressive
strain with load. Whan buckling bagm, tha strain on tha
convex side of the buckla was reduced by tha tansile stress
incident to buckling; the raading of the gage on this side,
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consequently, did not continue to Increase uniformly with
load but reached a maximum and then started to decrease.

* -.The.load cornespad-ing-to -the maximum gage -zwradlngwas
considered the buckltig load for all panels in which no
snap buckling occurred.

A similar procedure was then used to test each
specimen with internal air pressure. The air pressure
was admitted after readings were “taken at the initial
load. The pressure was then held constant and the axial
load was increased in steps until buckling occurred. The
tests were continued at several different higher pressures
with the highest permissible pressure being determined
both by visual inspection of the smount of quilting and
by approximate computations based on reference 3. The
highest permissible pressure is defined as that pressure
which can be admitted without exceedir,g the yield stress
of the matarial. When the highest permissible prassure
axceeded 6 psi, only pressures up to 6 psi wera used.

.

Torsion Tests

The testing procedura for the torsion tests was
similar to that used in the compression tests with tha
excaption that there was no initial load on the specimen.
Figure 3 illustrates the msnnar of loading a specimen In
torsion and shows the locations of the dial gagas used
to maasure the amount of rotation. The steel plate to
which the snecimen was fastened was conr.ected to a
weighing system that measured torque and vertical load
with an accuracy of *1 percent. In testing, the only
load applied to the speciman was a pur~ torque.

RESULTS

The results of the tests are given in figures L to 8.
Figures L and 5 show the effacts of R/t and rib spacing on
the critical stresses without normal pressure, where R is
the radius of curvature of the sheet and t is the
thiclmess of the sheet. The critical compressive stress
was obtained by dividing the buckling load by the total
cross-sectional area of the specimen=

TIM critical com ressive stresses indicated by points
with tails in figure c are stresses that correspond to the

—. .— -—
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loads at which the st~aln-gege readings reversed dtrection.
For the specimens with 6-inch rib spacing, the points with
tails represent tests in which the sheets bulged outward
in all bays. All other tailed points represent tests in
which combinations of inward end outward buckling occurred
gradually. Points without tails represent tests in which
snap diaphragm buckling occurred.

The critical shear stress was obtained from the
fOrmula

where

T shear stress, PSI

T buckling torque, inch-pounds

A erea enclosed by median line of shaet e..dspars,
square inches

t thickness of sheet, inches

The criticel sheer stresses indicated by the tailed
points in figure 5 are stresses that correspond to the
strain-gage reversals associated with gradual buckling.

The effect of normai pressure on the critical Com-

pressive stress is shown in figura 6. The spacimans with
a rib spacing of 6 inchas end en R/t of 700 end 1000
show a decreasa in critical comprassiva stress with
increasing normal pressure. With these specimens no
inward buckling occurred but, since the introduction of
pressure causad the sheat to bulge out under the initial
compression load, the load at which the strain-gaga
raadings raversed wes lowared. In specimens in which
snap diaphragm buckling occurred, there was a pronounced
increas~ in critical compressive stress with increasing
normal Prassure. The results of the tests of tha specimans
with an infinite radius do ~ot show eny dacisive trend and
in most cesas no buckling load could ba obtained.

The effact of normal prassura on the critical shear
strass is shown in figure 7. In ell ceses an increase in
normal pressure caused en increase in crltlcal shear strass.
This rasult was independent of ti.etherbuckling occurrad
slowly or with a snep.
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The data of fi urea 6,and 7
.. fthe .gr.eat.e.rthe. R t -ratio, the

increase In critical compressive
increasing normal pressure.

5

show th~t, In general,
great,erthe percentage
and sheax” stress wtth

Experimental rotation is compared with theoretical
rotation for the torsion specimens at various R/t ratios,
rib spacings, and nomnal pressures in figure 8. Theo-
retical rotation was obtained from the formula

where

e rotation, radians per inch of length

T measured torque, inch-pounds

G 6shesr modulus (here taken as )+.0 x 10 psi)

J torsional-stiffness constant, inches4

The data of figure 8 show that the torsional stiffness of
the specimens before buckling is sli@tly increased by
increasing normsl pressure. These slight increcses In
torsional stiffness might be explained, at least h part,
by the fact that bulging of the sheet resulting from
internal pressure produced an increase in the enclosed
area of the specimen. This effect is more pronounced in
the sp~cimens with a 2L-inch rib spacing than in the
specimens with a 6-inch rib spacing, as evidenced by the
test rasults in figure 8.

CONCLUSIONS

The results of tests of LO specimens to determine
the effect of normal prassure on the critical compressive
and shear stress of curved sheet Indicated the following
conclusions:

1. Normal pressure apD9eciably raised the critical
compressive stress f,orcurved shest when inward snap
diaphrat~ buckling occurred.
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2, Normal pressure lowered the
stress for curved sheet when outward

NACA ARR NO. L5B1O

critfcsl compressive
bulging occurred.

3* Normal pressure raised the critical shear stress
for curved and flat sheet regardless of whether buckles
formed slowly or with a snap.

4. The greater the ratio of realus of curvature to
thlcluaess of the sheet, the greater the percentage increase
in critical compressive and shear stress with Increasing
normal pressure.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Lsngley Field, Va.
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TABIE I

* ... ----- -. .. ..... ... ,- “- NOMINAL DIKENSXONS -OF TEST SPECIMENS

~ymbds are defined In fig. 1.
All dlmenaions are given in inches.3

Speoimen d a L R R/t

1, 2 3 6 25.5 25.6 400

3, 4 5 12 47.5 25.6 400

5, 6 5 18 65.5 25.6 400

7, 8 5 24 83.5 25.6 400

9, 10 3 6 25.5 44.8 700

11, 12 5 12 47.5 44.8 700

13, 14 5 18 65.5 44.8 700

15, 16 5 24 83.5 44.8 700

17, 18 3 6 25.5 64.0 1000

19, 20 5 12 4795 64.0 100C

21, 22 5 18 65.5 64.o 1000

23, 24 5 24 83.5 64.0 1000

25, 26 3 6 25.5 76.9 1200

27, 28 5 12 47.5 76.9 1200

29J 3° 5 18 65.5 76.9 1200

31, 32 5 24 83.5 76.9 1200

33s 34 3 6 25.5 CO m

35, 36 5 12 4795 “ m

37, 58 5 18 65.5 w m

39, 40 5 24 83.5 t= m
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Figure 1.- Test specimen. (Fw “dimensions not shown, see
table 1)

.

———.. .—



.-. .

NACA A.RRNo. L5BI0 Fig. 2

. .,.

I



A \

.,

F’gure 3.-Test specimen in torsti dwving locations of dial gages.
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Me 4.- Effect of R/t and rib spacing on critical compressi
stress without normal pressure.
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R/t and rib spacing on critical 6hear
normal pressure.
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